Ovine prolactin injected subcutaneously for 2 days stimulated an increase in fluid uptake in vitro by everted gut sacs from male Sprague\p=m-\Dawley rats. Four intestinal segments from each rat were incubated, but only two of the four segments tested showed a prolactin-stimulated increase in fluid transfer in intact rats. In adrenalectomized\p=m-\nephrectomized rats all four sacs showed an increased fluid transfer after prolactin treatment. Sacs incubated for 1 h in glucose\p=m-\Ringer solution containing 0\m=.\1 mg ovine prolactin/ml did not show an increased water transfer as compared with controls incubated in medium containing albumin. Dietary changes seemed to alter the sensitivity of the gut to prolactin.
INTRODUCTION
The intestine of euryhaline teleosts plays a major osmoregulatory role (see Shehadeh & Gordon, 1969;  Utida, Hirano, Oide, Ando, . In the eel, intestinal transfer of water and ions is under bihormonal control. During adaptation to sea-water there is an increased uptake of water and salts by the gut. This change is stimulated by cortisol and is associated with an active transfer of ions, particularly chloride (Hirano & Utida, 1968) . Prolactin helps to acclimatize fish to fresh water by decreasing intestinal uptake of water and ions . However, Gaitskell & Chester Jones (1969) have shown that cortisol is also necessary for normal intestinal water movement in fresh water.
The uptake of water and electrolytes in the mammalian gut is also affected by hormones (Levin, 1969) . Crocker & Munday (1969) used the everted gut sac tech¬ nique of Wilson & Wiseman (1954) to demonstrate that injection of aldosterone into rats 28 h before the intestine was removed for incubation stimulated an increased uptake of water and sodium. In other experiments they found that both angiotensin (Crocker & Munday, 1970) and oestrogen (Crocker, 1971 ) also increased water and sodium transfer. Hypophysectomy alters intestinal morphology and metabolism, but its effect on the absorption of ions by the gut is unclear (Levin, 1969) . The purpose of this study was to determine the effect of prolactin on fluid uptake in everted small intestinal sacs from the Sprague-Dawley rat.
MATERIALS AND METHODS
Adult male Sprague-Dawley rats (300-400 g) were given water and food (Green Diet, Feedstuffs Processing, San Francisco, California) ad libitum. Under Nembutal anaesthesia (75 mg/kg), the small intestine was removed and irrigated with Krebs bicarbonate-Ringer solution (Umbreit, Burris & Stauffer, 1964) . Everted 12-cm sacs of jejunum were prepared according to the technique of Wilson & Wiseman (1954) . The duodenal-jejunal junction was defined as the point where the gut is closely bound to the dorsal abdominal wall (Barry, Matthews & Smyth, 1961 segments (IV and V) and their controls were all at the same high level suggests that there is a maximal rate of fluid uptake under the present conditions of incubation. It then follows that gut segments IV and V may be insensitive to prolactin treatment because they are already transferring fluid at this maximal rate and cannot be further stimulated. A reduced dosage of prolactin was also effective in stimulating an increased fluid transfer in gut segments II and III (Fig. 2) . Because Crocker & Munday (1969) demonstrated that renal and adrenal factors are involved in intestinal uptake of sodium, rats were bilaterally adrenalectomized and nephrectomized before the intestine was removed for incubation. Figure 3 shows that prolactin treatment significantly increased fluid transfer in all of the gut seg¬ ments tested from these rats (P < 0-05). It appears that removal of the kidneys and adrenals sensitizes gut segments IV and V to prolactin.
Prolactin in vitro did not stimulate an increased uptake of fluid as compared with controls incubated in medium containing albumin (Fig. 4) . Both prolactin and albumin in the medium stimulated a greater uptake of fluid than was seen in the controls incubated in the glucose-Ringer solution alone (compare Figs 1 and 4) . After the completion of this last experiment (IV), the rats were given Purina mouse breeder diet because the Green Diet on which they had been previously maintained resulted in somewhat soft and copious faeces, presumably indicating an increased water content. The change of diet eliminated the soft stools, but it also eliminated the sensitivity of gut segments II and III to prolactin. After the change in diet, gut segments II and III from untreated rats showed the same high level of fluid uptake previously seen for only segments IV and V. However, after rats had been returned to the original diet for 1 week, gut segments II and III from untreated animals showed the same low level of fluid uptake seen previously. Fig. 4 . Influence of prolactin in vitro on fluid uptake by the rat small intestine (white columns). Sacs from untreated rats were incubated for 1 h in glucose-Ringer solution containing 0-1 mg ovine prolactin/ml. Control sacs were incubated in glucose-Ringer solution containing an equi¬ valent amount of bovine albumin (shaded columns). The fluid uptake is expressed as ml water/g initial wet weight of a 12-cm intestinal sac. Vertical lines indicate standard errors of the mean.
The number of animals in each experimental group is indicated at the base of each column.
DISCUSSION
The present report provides the first published indication that prolactin stimulates fluid uptake in the mammalian small intestine. There is considerable evidence that aldosterone also increases the intestinal transfer of water and sodium, but the role of extra-adrenal hormones is less clearly understood. In their investigation of the action of aldosterone on intestinal absorption, Crocker & Munday (1969) found that in¬ jections of aldosterone increased intestinal water transfer, but in subsequent experi¬ ments (Crocker & Munday, 1970) they found that rats on the high sodium diet did not consistently show a decreased mucosal water transfer. Aldosterone failed to produce an increased transfer unless the untreated control values were low. The sacs from untreated adrenalectomized-nephrectomized rats showed a consistently low water transfer and these values were increased both by aldosterone injection and by the addition of angiotensin in vitro. The effectiveness of angiotensin in increasing water uptake led Crocker & Munday (1970) to conclude that this was the factor responsible for the high control levels of water transfer seen in rats on a high sodium diet. However, in view of the fact that a high sodium intake is known to decrease juxtaglomerular cell renin stores and to reduce circulating angiotensin levels (Hartroft, 1968) , it seems unlikely that angiotensin could be responsible for the high mucosal water transfer seen in some rats on a high sodium diet.
The action of prolactin on the rat intestine is apparently mediated through relatively long-term events because stimulation of water transfer was absent when the hormone was added in vitro. T. Hirano (personal communication) found that prolactin exerted an effect on the fish gut in vitro, but only after the intestine had been incubated for 3 h in medium containing prolactin. Angiotensin shows an immediate stimulation of water and sodium transfer in vitro (Davies, Munday & Parsons, 1969; Crocker & Munday, 1970) , but aldosterone and oestrogen are effective only when injected in vivo at least 28 h before incubation (Crocker, 1971) .
The elimination of the sensitivity to prolactin in segments II and III by the change in diet raises questions about the physiological significance of prolactin in intestinal osmoregulation. One possible interpretation of this observation is that prolactin may act to correct the apparent disturbance of intestinal physiology in the rats producing soft and copious faeces. Thus, prolactin would play an osmoregulatory role only at times when there is unusual stress on the small intestine. The observation that serum prolactin levels rise in stressed rats (Niell, 1970 Although this is the first report that prolactin may play an osmoregulatory role in the intestine, there have been previous suggestions that it is involved in mammalian water and electrolyte regulation. Lockett & Nail (1965) reported that ovine and bovine prolactin reduced urinary excretion of sodium in rats. Perfusion of a ' spinal ' cat kidney with prolactin produced an initial transient increase in diuresis and sodium excretion which was followed by a longer-lasting antidiuresis and sodium retention (Lockett, 1965) . Kòhnlein, Bianchi & Biermann (1966) found that pro¬ lactin promoted a normalization of renal function and electrolyte balance in the ischaemic rat kidney. In freshwater teleosts, prolactin decreases the permeability of the intestine and urinary bladder to water (Hirano, Johnson & Bern, 1971; Johnson, Hirano, Bern & Conte, 1972) . Sodium transport is also inhibited in the intestine but stimulated in the bladder. Except for decreased sodium uptake by the gut, these findings are consonant with the needs of the animal in a hypotonie environ¬ ment. The fluid-transfer response of the rat small intestine to prolactin injection appears to be different from that of the teleost gut and urinary bladder, but this should not be surprising since the ecological problems of a rat on land and of a euryhaline fish in fresh water are certainly different. Teleosts in fresh water must conserve electrolytes and guard against dilution of their body fluids, whereas the stimulation of fluid uptake in the mammalian intestine could play an important role in the maintenance of osmoregulatory homeostasis by reducing the need of the kidney to retain water while excreting excess ions.
